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BRIEF ON APPEAL 

This is an appeal from the decision of the Examiner in a final Office Action dated April 18, 2006 
(part of Paper Mail Date 20060405). The pending rejected claims appear in Appendix A. 
Real Party in Interest 

The application is assigned jointly to The Shriners Hospital for Children, Tampa FL and The 
University of Cincinnati, Cincinnati OH, and is licensed to Cutanogen Corporation, Cincinnati OH. 
Related Appeals and Interferences 

None. 
Status of the Claims 

Original claims 1-33, filed with this application, were rejected in a first Office Action (paper no. 3) 
dated October 21, 2003, as follows: claims 1-10, 13-29 and 31-33 under 35 U.S.C. §102(b) over Boyce 
{Med. Biol. Eng. Comput. 36:791-800, 1998); and claims 11-12 and 30 under 35 U.S.C. §1 03(a) over 
Boyce Med. Biol. Eng. Comput. in view of Boyce U.S. Patent No. 5,976,878. 

In an Amendment filed January 20, 2004 Applicant amended independent claims 1, 10, 18, 24, 
28, 29, and 32. 
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In his Interview Summary (paper no. 0304) dated March 31, 2004, the Examiner commented on 
the discussion of claims 1 -33 during a March 24, 2004 telephone interview (interview #1 ) with Applicant's 
undersigned representative. 

In a Supplemental Amendment filed March 26, 2004, Applicant amended dependent claims 2, 3, 
and 25 and filed a Declaration under 37 U.S.C. §1.132 correlating the amendments to issues discussed 
during the interview. 

Applicant filed a Statement of the Substance of the March 24, 2004 interview on April 1 5, 2004. 

In a Final Office Action (paper no. 060704) dated June 15, 2004, the Examiner issued the 
identical rejection of all claims (1-33) as in his prior Office Action, i.e., claims 1-10, 13-29, and 31-33 
under 35 U.S.C. §1 02(b) over Boyce Med. Biol. Eng. Comput; and claims 11-12 and 30 under 35 U.S.C. 
§1 03(a) over Boyce in view of Boyce '878. 

Applicant (Dr. Boyce) and Applicant's undersigned representative conducted a personal interview 
with the Examiner on July 28, 2004 (interview #2). 

In his Interview Summary (paper no. 072804) dated July 29, 2004, the Examiner commented on 
the discussion of claims 1-33 during the interview (#2). 

Applicant filed a Request for Continued Examination (RCE) and Preliminary Amendment on 
August 26, 2004. Applicant substantively analyzed and amended independent claims 1, 10, 18, 24, 28, 
29, and 32 and added new method claims 34-37. 

In the first Office Action after the RCE (paper no. 1 10904 dated November 17, 2004), the 
Examiner withdrew his previous rejections (claims 1-10, 13-29, and 31-33 under 35 U.S.C. §1 02(b) over 
Boyce Med. Biol. Eng. Comput; and claims 11-12 and 30 under 35 U.S.C. §1 03(a) over Boyce '878) in 
view of Applicant's July 29, 2004 interview and Inventor's Declaration and Amendment filed August 26, 
2004. The Examiner issued new rejections of claims 1-37 as follows: claims 1, 10, 18, 24, 28-29, 32 and 
34 under 35 U.S.C. §1 1 2 fl1 as not described; claims 1 -37 under 35 U.S.C. §1121(1 as not enabled; 
claims 1-7, 9-11, 13-15, 18-29, and 31-37 under 35 U.S.C. §1 02(b) over Wilkens (Biotech, and Bioeng. 
43:747-756, 1994); and claims 8, 12, 16-17, and 30 under 35 U.S.C. §1 03(a) over Wilkens in view of 
Boyce (Med. Biol. Eng. Comput 36:791-800, 1998) and Boyce U.S. Patent No. 5,976,878). 

In an Amendment filed February 14, 2005, Applicant provided substantive arguments against 
each rejection. 

In a Final Office Action after the RCE (paper no. 041805) dated May 3, 2005, the Examiner 
issued the identical rejection as in his prior Office Action; i.e., claims 1, 10, 18, 24, 28-29, 32 and 34 
rejected under 35 U.S.C. §112 j[1 as not described; claims 1-37 rejected under 35 U.S.C. §112 1J1 as not 
enabled; claims 1-7, 9-11, 13-15, 18-29, and 31-37 under 35 U.S.C. §1 02(b) over Wilkens Biotech, and 
Bioeng.; and claims 8, 12, 16-17, and 30 under 35 U.S.C. §1 03(a) over Wilkens in view of Boyce Med. 
Biol. Eng. Comput. and Boyce '878. 
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Applicant and Applicant's undersigned representative conducted another personal interview with 
the Examiner on July 20, 2005 (interview #3). Applicant demonstrated a physical sample of his fabricated 
matrix to the Examiner. Applicant presented color photographs (of record and at Appendix B) showing (a) 
the device in use as engrafted in a burn patient immediately after surgery and over time, (b) the device in 
various stages of fabrication, and (c) the device compared to normal skin tissue by histological sections. 
Applicant correlated his claimed elements with the features shown in the photographs on a claim-by-claim 
basis. 

In his Interview Summary (paper no. 20050720) dated July 21 , 2005, the Examiner commented 
on the discussion of claims 1-37 during the interview. The Interview Summary also identifies U.S. Patent 
Nos. 6,043,089 and 5,906,947 (both to Sugiyama) and 6,733,530 (Lam), which the Examiner raised sua 
sponte during the Interview and advised Applicant to distinguish (although never subsequently applied), 

In a response filed August 2, 2005, Applicant submitted a second Request for Continued 
Examination (2 nd RCE), a second Declaration of Dr. Boyce under 37 U.S.C. §1.132, and substantively 
distinguished and amended independent claims 1,10, 18, 24, 28, 29, 32-34. Applicant's response also 
distinguished the claims over each of the '089, '947, and '530 patents, in a good-faith attempt to respond 
to the Examiner's admonition and hence advance prosecution, even though the Examiner never applied 
the '089, '947, and '530 patents in any rejection. 

In a first Office Action after the 2 nd RCE (paper no. 20051 01 1 ) dated October 26, 2005, the 
Examiner rejected claims 1-37 as follows: claims 1-7, 9-11, 13-15, 18-27, 29 and 31-37 under 35 U.S.C. 
§1 02(b) over Niels etal. 1 [sic] J Invest Dermol 97(5): 843-848, 1991; claims 8, 12, 16-17, 28 and 30 
under 35 U.S.C. §1 03(a) over Niels in view of Boyce (Med. Biol. Eng. Comput. 36:791-800, 1998) and 
Boyce U.S. Patent No. 5,976,878); claims 1 -37 under 35 U.S.C. §1 1 2 IP as not enabled; claims 1 -9 
under 35 U.S.C. §112 p as indefinite; claims 10-17 under 35 U.S.C, §112 fl2 as indefinite; claims 18-23 
under 35 U.S.C. §1 1 2 lf2 as indefinite; claims 24-27 under 35 U.S.C. §1 1 2 fl2 as indefinite; and claims 
34-37 under 35 U.S.C. §112 fl2 as indefinite. 

In an Amendment filed January 26, 2006, Applicant substantively distinguished and amended 
claims 1-4, 7, 10, 18, 22, 24-25, 28-29, 32, and 34; and canceled claims 5, 8, 14, 19-20, and 31. 

In a Final Office Action (paper no. 20060405) dated April 18, 2006 after the 2 nd RCE, the 
Examiner withdrew his previous rejections. The Examiner issued new rejections of all pending claims 1- 
4, 6, 7, 9-13, 15-18, 21-30, and 32-37 as follows: claims 1-4, 6-7, 9-11, 13, 15, 18, 21-27, 29 and 32-37 
under 35 U.S.C. § 102(b) as anticipated by Niels et ai. (J Invest Dermol 97(5): 843-848, 19910; claims 8 2 , 



1 For consistency, Appellant uses the Examiner's convention in citing this reference as "Niels", although 
the correct convention is to cite it as Krejci (last name of the first author, Niels C. Krejci). 
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12, 16-17, 28, and 30, under 35 U.S.C. § 103(a) as obvious over Niels in view of Boyce Med. Bio!. Eng. 
Computand Boyce '878; claims 1-4, 6-7, 9-13, 15-18, 21-30, and 32-37 under 35 U.S.C. §112 1f1 as not 
enabled; and claims 10-17, 18-23, 24-27 and 34-37 under 35 U.S.C. §112 p as indefinite. 

Applicant filed a Pre-Appeal Brief Request for Review dated July 18, 2006 for a review of rejected 
claims 1-4, 6, 7, 9-13, 15-18, 21-30, and 32-37. 

In a Notice of Panel Decision from Pre-Appeal Brief Review (paper no. 20060821 ) dated August 
29, 2006, the panel determined that claims 1-4, 6, 7, 9-13, 15-18, 21-30, and 32-37 were subject to 
appeal. 

All pending claims 1-4, 6-7, 9-13, 15-18, 21-30,and 32-37 are appealed and are listed in 
Appendix A. 

Status of Amendments 

There are no amendments subsequent to the April 18, 2006 Office Action. 
Summary of the Invention 

The invention is directed to an engineered device that is surgically grafted to a patient's skin over 
a wounded area (e.g., a burn, an ulcer, etc,) to facilitate wound healing, methods to prepare the device, 
and embodiments and uses for the device. 

The device has a bottom matrix layer, a middle dermal cell layer, and an upper epidermal cell 
layer, schematically represented from a top view looking down as: 

epidermal cells = second cell layer 

dermal ceils = first cell layer 
matrix = substrate 

This organizational arrangement mimics human skin, which can be simplistically thought of as the dermis 

("matrix") forming a substrate for a dermal cell layer ("dermal cells"), overlaid by an epidermal cell layer 
("epidermal cells"). 

Appellant's matrix is prepared under specific conditions as described in the specification, 
fabricated using readily obtained commercial chemical reagents (e.g., collagen, with or without 
mucopolysaccharides, i.e., chondroitin-sulfate). The matrix is reticular (mesh-like) and, when dermal cells 
are inoculated onto the matrix, the matrix provides support as the cells grow into a first cell layer that 
laminates (i.e., covers) the outer matrix surface. 

The matrix can be formed and stored for later use, or it can be inoculated with cells immediately 
(e.g., a burn patient may need a graft immediately; a diabetic patient needing a graft for a leg ulcer may 



2 Claim 8 was canceled in Applicant's January 26, 2006 Amendment. 
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know when his/her surgery is scheduled). When needed, a population of dermal cells and/or epidermal 
cells is inoculated onto the fabricated matrix. The conditions under which matrix fabrication and cell 
inoculation occur are such that the cells grow, proliferate, and populate the matrix, forming a self- 
separating layer of dermal cells on the matrix surface, i.e., the dermal cells laminate the matrix, and a 
layer of epidermal cells on the dermal cell surface, as shown in the above schematic. 

In embodiments, the inoculated dermal and/or epidermal cells may be from the recipient receiving 
the graft (autologous), from another human (allogeneic), from another species (xenogeneic), or from 
multiple sources (chimeric). As in normal mammalian skin, the epidermal cells are primarily keratinocytes 
and the dermal cells are primarily fibroblasts. 

The invention also encompasses methods to produce the device. As previously stated, specific 
conditions are required to prepare a matrix having dimensions and properties so that the device will be 
suitably grafted onto a surgical site and accepted by the body. For inoculation, either the freshly prepared 
matrix or the stored matrix is placed on an absorbent surface and a dermal and/or epidermal cell 
suspension is delivered to the matrix for attachment. The inoculated matrix is incubated under conditions 
sufficient to result in a cellular device. 

The matrix dimensions must be of a thickness and degree of reticulation that it is capable of being 
surgically manipulated and capable of supporting dermal cells. The dermal and epidermal cells must be 
inoculated within specified concentrations and at stated times so that dermal and epidermal cell layers 
form, thus generating a device suitable for grafting to meet a patient's need for a cultured skin device. 
Issues 

Whether claims 1-4, 6-7, 9-11, 13, 15, 18, 21-27, 29 and 32-37 are anticipated by Niels et al. (J 
Invest Dermol 97(5): 843-848, 1991). 

Whether claims 12, 16-17, 28, and 30 are obvious over Niels further in view of Boyce (Med. Biol. 
Eng. Comput 36:791-800, 1998) and Boyce U.S. Patent No. 5,976,878. 

Whether claims 1-4, 6-7, 9-13, 15-18, 21-30, and 32-37 are enabled. 

Whether claims 10-17, 18-23 3 , 24-27 and 34-37 are indefinite. 
Grouping of Claims 

Claims to the device (claims 1-4, 6-7, and 9) stand and fall together. 

Claims to the method of producing the device (claims 10-13, 15-18, 21-23, 24-27, and 29-30) 
stand and fall together. 

The claim to the device prepared by the specific method using the specified medium (claim 28) 
stands and falls on its own. 

Claims to the inoculation method (claims 32-33) stand and fall together. 



3 Claims 14, 19, and 20 were canceled in Applicant's January 26, 2006 Amendment. 
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Claims to the method of producing a permanent device for a patient (claims 34-37) stand and fail 
together. 
Argument 

Device (claims 1-4, 6-7, and 9) 

Anticipation 

Appellant respectfully asserts that claims 1-4, 6-7, and 9 are not anticipated under 35 U.S.C. 
§102 by Niels. For Niels to anticipate, each and every limitation in a properly construed claim must be 
found either expressly or inherently in a single prior art reference. Celeritas Techs. Ltd. v. Rockwell Int'l 
Corp., 150 F.3 rd 1354, 1360 (Fed. Cir. 1998). 

Device claims 1-4, 6-7, and 9 require a matrix that is engineered. As further analyzed, a proper 
construction of Appellant's engineered matrix is one that is prepared from chemicals and fabricated to 
desired specifications. Hence, it is not obtained in vivo or ex vivo. Because Appellant has given his claim 
term "engineered" a specific meaning that limits the claim scope to a particular structure, as subsequently 
explained, the Examiner's statement that "the broadest reasonable interpretation the [sic of] "an 
engineered" product is merely a product that has been altered in context to its original form" is erroneous. 

Appellant's engineered matrix is fabricated from chemical reagents. Throughout the specification, 
Appellant discloses concentrations of reagents needed, methods to prepare solutions (e.g., by co- 
precipitation), and casting the solution in an apparatus under specified physical parameters (heat transfer, 
cooling, freezing) to result in the desired matrix. Each of these preparatory steps uses commercial 
chemicals; not an intact matrix from a harvested tissue. Examples of disclosure supporting Appellant's 
construction of an "engineered" matrix include the following: 

In one embodiment of preparing the matrix, a coprecipitate of collagen- 
GAG is cast, frozen, and dehydrated to form a reticulated matrix. This 
matrix is subsequently sterilized, rehydrated, and laminated by 
inoculation with cultured dermal and epidermal cells. 

(p. 11, lines 16-17). 

Matrix-Forming Protein-Containing Fluid 

A dispersion of collagen is prepared by presolublizing collagen (6.42 
mg/ml) acetic acid (0.01 M to 1 .0 M), usually for up to sixteen hours, after 
which the dispersion is stored at 4°C. A coprecipitate with a 
glycosaminoglycan (GAG), such as chondroitin-6-sulfate, may then be 
prepared if a carbohydrate is to be added. Chondroitin-6 sulfate (3.45 
mg/ml) is added to acetic acid (0.01 M to 3.0 M). 

(p. 12, lines 3-9). 

Preparation of Crosslinked Matrix 

The protein-containing fluid, with or without carbohydrate, is prepared to 
form the matrix. As preliminary steps, a lyophilizer (freeze-drying) 
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apparatus is pre-chilled to about ~35°C to about ~50°C. In one 
embodiment, a freezing bath is prepared in a high density polyethylene 
(HDPE) container containing 95% ethanol that has been pre-chilled at 
about ~45°C for at least four hours. However, any type of apparatus or 
configuration may be used which will remove heat at a controlled rate so 
that a drop in temperature, sufficient to freeze the matrix, occurs within a 
time frame of up to about four hours. For example, the time and 
temperature may be regulated to bring about a temperature drop from 
about 4°C to about -40°C within about two hours, or a temperature drop 
from about 4°C to about -75°C within about four hours. 

The protein solution is introduced into an apparatus, more fully described 

in co-pending U.S. Patent Application Serial No. , entitled "Apparatus 

for Preparing a Biocompatible Matrix" filed on even date herewith, which 
is expressly incorporated by reference herein in its entirety. The result is 
a matrix with a composition, structure, and properties which support the 
cultured dermal and epidermal cells to promote formation of the device. 

(p. 13, lines 1-20). 

Basically, a solution of matrix components is cast between top and 
bottom surfaces (e.g., plates) of a material which facilitates rapid transfer 
of heat, so that the solution in contact with these surfaces is rapidly and 
uniformly cooled on both top and bottom surfaces. Once frozen, the 
solid matrix has substantially symmetric reticulations, which allow 
uniform cell population and result in an improved device for ingrafting or 
implanting in a patient. 

(col. 3, lines 38-47 Appellant's U.S. Patent No. 6,905,105 "Apparatus for Preparing a Biocompatible 
Matrix", filed on the same day and expressly incorporated by reference at p .13 in the present application 
(Attached as Appendix C)). 

Niels does not disclose an engineered matrix, as the term is properly construed, and thus does 
not anticipate claims 1-4, 6-7, and 9. In contrast to Appellant's chemically fabricated matrix, Niels obtains 
human cadaver skin ("allogeneic dermis from engrafted cryopreserved cadaver skin" (Niels Abstract)), 
which is an ex vivo biologic. As only one striking illustration of the distinction, Niels would have to obtain 
permission to prepare his substrate, because it uses skin harvested from the back or thigh of a cadaver. 
As another clear distinction, Niels must irradiate the harvested skin (to devitalize it), soak it in antibiotics 
(to sterilize it), and remove a portion of it to obtain de-epidermized dermis (see Niels p. 843, col. 2). 

Device claims 1-4, 6-7, and 9 also requires dermal cells providing a cellular lamination layer for 
cultured epidermal cells deposited thereon. In Appellant's device, the cellular lamination layer is provided 
by dermal cells that are asymmetrically distributed on the outer surface of the matrix; the dermal cells are 
not required to fill the matrix. See Boyce Declaration, March 26, 2004; see also Amendment pp. 10-11, 
August 26, 2004: 
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Applicant clarified that the dermal cells were on an outer surface of the 
matrix, and has further amended the claims to reflect this. 

. . .the claims require a dermal cellular layer on a biocompatible 
reticulated matrix, with the dermal ceils providing a cellular lamination 
layer for cultured epidermal cells, as explained at least at page 20, lines 
14-19 [in the originally filed specification] 



...the fibroblasts or other dermal cells being inoculated need not fill these 
channels or openings in the matrix before the epidermal cells may be 
added. Rather, upon inoculation, the dermal cells attach to the 
reticulation, and thus are able to provide a continuous surface 
lamination... 

(p. 20 lines 14-18, emphasis in original). 

In Niels' device, however, the dermal cells are required to invade the substrate. "Seeding 
cultured dermal fibroblasts on SCD [second cut dermis] resulted in both colonization of the surface as 
well as invasion of the acellular dermis " (Niels p.845 middle of col. 2, emphasis added). Fibroblasts, 
which are dermal cells, that invade Niels' acellular dermis substrate do not meet Appellant's claimed 
limitation that requires a cellular lamination layer in which cells are not required to invade the matrix and, 
instead, form a cellular lamination layer on the surface of the matrix, as Appellant has analyzed. 

For at least these reasons, Appellant asserts that Niels does not anticipate claims 1-4, 6-7, and 9. 

Enablement 

Appellant respectfully asserts that claims 1-4, 6-7, and 9 are enabled under 35 U.S.C. §112, and 
disagrees that the specification does not enable one skilled in the art to make and use the invention 
commensurate in scope with these claims. 

The legal standard for enablement is that a patent must contain a description that enables one 
skilled in the art to make and use the claimed invention. DeGeorge v. Bemier, 226 U.S.P.Q. 758 (Fed. 
Cir. 1985). Its purpose is to assure that the inventor provides sufficient information about the claimed 
invention that one skilled in the art can make and use it without undue experimentation, relying on the 
specification and knowledge in the art. Scripps Clinic & Research Foundation v. Genentech, Inc., 18 
U.SP.Q.2d 1001 (Fed. Cir. 1991). Contrary to the Examiner's statement, Appellant asserts that his 
specification is enabling for "a cultured skin device wherein the biocompatible reticular acellular matrix is 
a porous cross-linked 4 collagen matrix" (p. 5 October 26, 2005 Office Action) because one skilled in the 
art can make and use the device without undue experimentation, relying on the specification and 
knowledge in the art. 



4 None of claims 1-4, 6-7, and 9 recite "cross-linked". 
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The specification discloses the matrix composition as follows: 

In preparing the device, any biocompatible material that is permissive as 
a substrate for culture and transplantation of cultured cells may be used. 
A full length natural or synthetic protein may be used, or a polypeptide 
may be used. One embodiment uses a freeze-dried sponge of collagen, 
either alone or in combination with a carbohydrate (a 
mucopolysaccharide, such as a glycosaminoglycan (GAG), particularly 
chondroitin-6-sulfate). The collagen may be bovine skin collagen, bovine 
tendon collagen, collagen from other tissue sources (e.g. bone, muscle), 
other xenogeneic sources (e.g. pig, sheep, goat, etc.), genetically 
engineered sources, human sources, or a combination of any of the 
above. Other proteins such as elastin or reticulin, or polymers of amino 
acids, whether naturally occurring or synthetic, may be used . 

(p. 1 1 , lines 4-1 5 emphasis added). 

Further, while the specification is enabling for embodiments other than collagen, the claims were 
amended to recite a matrix comprised of collagen in order to facilitate prosecution. The claims are also 
enabled for crosslinking, at least because Appellant provides an entire section devoted to and entitled 
"Preparation of Crosslinked Matrix" (p. 13 line 1 to p. 15 line 17) providing physical, chemical, and other 
parameters resulting in a crosslinked matrix. 

The matrix is enabled, at least at pp. 12-15, sections "Matrix- Forming Protein-Containing Fluid" 
and "Method of Forming Crosslinked Matrix", and in Appellant's U.S. Patent No. 6,905,105, incorporated 
by reference at p. 13 in the present application. The cell sources are enabled at least at pp. 9-1 1 
disclosing sources of dermal and epidermal cells. The conditions to form the device are enabled at least 
at p. 20 line 21 to p. 21 line 4, using standard tissue culture techniques known to one skilled in the art. 
For at least these reasons, Appellant has demonstrated enablement of claims 1-4, 6-7, and 9. 

Because Appellant has evidenced how claims 1-4, 6-7, and 9 are not anticipated and are 
enabled, Appellant respectfully requests the Board to overturn the Examiner's rejection of claims 1-4, 6-7, 
and 9 under 35 U.S.C. §§102 and 112. 

Method of Producing Device (claims 10-13, 15-18, 21-23, 24-27, and 29-30) 

Anticipation 

Appellant respectfully asserts that claims 1 0, 1 1 , 1 3, 1 5, 1 8, 21 -23, 24-27, and 29 are not 
anticipated under 35 U.S.C. §102 by Niels. 

Each of the independent claims (claims 10, 18, 24, and 29) in the method of producing a cultured 
skin device requires inoculating an engineered matrix as one step in the method, and incubating the 
inoculated matrix under conditions for forming a dermal cell lamination layer as another step in the 
method. 
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Incorporating all the reasons set forth and analyzed above, the proper claim construction of an 
engineered matrix is one that is synthesized from chemicals and fabricated to desired specifications, and 
the proper claim construction of a dermal cell lamination layer is one with dermal cells on the surface of 
the matrix but not required to invade the matrix. Further incorporating all the reasons set forth and 
analyzed above, Niels does not disclose an engineered matrix, nor does Niels have a cellular lamination 
layer, as the terms are properly construed. Niels thus does not anticipate claims 1 0, 11 , 1 3, 1 5, 1 8, 21 - 
23, 24-27, and 29. 

Obviousness 

Appellant respectfully asserts that claims 12, 16-1 7, and 30 (all dependent claims), are not 
obvious under 35 U.S.C. §103 over Niels further in view of Boyce (Med. Biol. Eng. Comput. 36:791-800, 
1998) and Boyce (U.S. Patent No. 5,976,878). 

For Niels and the secondary references to render Appellant's claims obvious, Niels and the 
secondary references must teach or suggest all of the claim limitations, and there must be a reasonable 
expectation of success that the claimed invention will result if the references are so combined, and there 
must be some suggestion or motivation, either in the references themselves or in the knowledge 
g enera lly available to one of ordinary skill in the art, to modify Niels and the secondary references or to 
combine their teachings. M.P.EP. §2142. Niels and the secondary references must be analyzed in their 
entirety to determine if they render claims 1 2, 1 6-1 7, and 30, considered as a whole, obvious. Loctite 
Corp. v. Ultraseal Ltd., 228 U.S.P.Q. 90 (Fed. Cir. 1985). Niels and the secondary references must teach 
or suggest all of the limitations of claims 1 2, 1 6-1 7, and 30; the ability to explain or reconstruct the 
invention does not render the invention obvious. One cannot pick and choose from references only what 
is needed to support a given position, and exclude other parts necessary to appreciate what the 
references as a whole suggests. Niels and the secondary references must be viewed without the benefit 
of impermissible hindsight vision afforded by claims 12, 16-17, and 30. Hodosh v. Block Drug Co., Inc., 
229 U.S.P.Q. 182, (Fed. Cir. 1986). Niels and the secondary references must also provide the basis for 
the modification; they cannot merely make it obvious to try the claimed invention (In re Fine, 5 U.S.P.Q.2d 
1596 (Fed. Cir. 1988). 

Even if the prior art may be modified, it (that is, the prior art) must have suggested the desirability 
of the modification. In re Gordon, 221 U.S.P.Q. 1125, 1 127 (Fed. Cir. 1984) ("The mere fact that the prior 
art could be so modified would not have made the modification obvious unless the prior art suggested the 
desirability of the modification"). The references cited as rendering an invention obvious must, to a 
person of ordinary skill in the art, teach how to carry out the claimed process, and that there would be a 
reasonable expectation of success. In re Vaeck, 220 U.S.P.Q.2d 1438 (Fed. Cir. 1991). 
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Where claimed subject matter has been rejected as obvious in view of a 
combination of prior art references, a proper analysis under § 103 
requires, inter alia, consideration of two factors: (1 ) whether the prior art 
would have suggested to those of ordinary skill in the art that they should 
make the claimed composition or device, or carry our the claimed 
process; and (2) whether the prior art would also have revealed that in so 
making or carrying out, those of ordinary skill would have a reasonable 
expectation of success.... Both the suggestion and the reasonable 
expectation of success must be founded in the prior art, not in the 
applicant's disclosure. 

(p. 1442, internal citations omitted). 

Appellant respectfully asserts that the Examiner has not met the basic requirements of a prima 
facie case of obviousness, as required under MP.E.P. § 2143. 

Claim 12, depending indirectly from claim 10, requires specific insulin concentrations in the 

medium in which the inoculated matrix is incubated. The Examiner states 

Thus, it would have been obvious ...to incorporate insulin the range of 
0.05 jag/ml to about 500 jag/ml in the culture conditions as taught by Niels 
in view of Boyce (1998). One would have been motivated to incorporate 
insulin in culture media because insulin is a growth factor that increases 
cellular growth and proliferation. 

(p. 5, October 26, 2005 Office Action), However, the referenced medium is for incubating the engineered 
matrix of claim 10, from which claim 1 1 depends. Niels, directed to use of allogenic (cadaver) acellular 
dermis, does not use a medium for incubating an engineered matrix for the reasons set forth and 
analyzed above, and does not add insulin in the medium. Boyce 1998 discloses a completely different 
device, one in which the matrix is filled uniformly and entirely with cultured dermal ceils. In contrast, claim 
12, depending from claims 1 1 and 10, recites a matrix where the dermal cells provide a cellular lamination 
layer (i.e., dermal cells on the matrix), as explained at pp. 2-3 in the 37 U.S.C. §1.132 Declaration filed 
March 26, 2004. Thus, because Niels in view of Boyce 1998 does not meet all the claim 12 limitations, 
the Examiner's obviousness rejection must fail. 

Claims 16-17 also depend from claim 10, and recite specific cells inoculated on the matrix used in 
the method. Again, this matrix is the engineered matrix of claim 10, and Appellant's above analysis with 
respect to claim 12 applies with respect to claims 16-17. Further, the Examiner points to no teachings in 
the references in support for his statement that the specific cells recited in claims 16-17 are obvious. 

Claim 30 depends from claim 29 and requires that the matrix be crosslinked before inoculation 
with dermal cells. Again, this matrix is the engineered matrix of claim 29, and Appellant's above analysis 
of differences in the matrix applies to claim 30. Further, Niels has no disclosure whatsoever to a 
crosslinked matrix, and his use of cadaver skin teaches away from crosslinking (i.e., there are no 
crosslinkable components) so that the secondary references fail and the rejection cannot stand. 
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Indefiniteness 

Appellant respectfully asserts that claims 1 0-1 3, 1 5-1 8, 21 -23, and 24-27 are sufficiently definite 
under 35 U.S.C. §112. The legal standard for definiteness is whether a claim reasonably apprises those 
of skill in the art of its scope. In re Warmerdam, 31 U.S.P.Q.2d 1754 (Fed. Cir. 1994). The claim must be 
clear and precise, so that one knows what constitutes infringement considering the claim as a whole. 
These standards are determined by the content of the disclosure, the teachings of the prior art, and the 
interpretation one skilled in the art would give the claim. PPG Industries Inc. v. Guardian Industries 
Corp., 37 U.S. P. Q. 2d 1618 (Fed. Cir. 1996); The Beachcombers, International, Inc. v. WildeWood 
Creative Products, Inc., 31 U.S.P.Q.2d 1653, 1656 (Fed. Cir. 1994) ( M The operative standard for 
determining whether this [definiteness] requirement has been met is 'whether those skilled in the art 
would understand what is claimed when the claim is read in light of the specification; "); M.P.E.P. §§ 
2173.01, 2173.02. 

Independent claim 1 0 is found indefinite because the Examiner finds unclear whether dermal and 

epidermal cell inoculation is simultaneous or sequential. April 18, 2006 Office Action, p. 8. One skilled in 

the art, however, would know that infringement occurred if he/she met the claim limitations and inoculated 

either sequentially or simultaneously, at least because (a) no temporal limitation is recited in claim 10, 

and (b) because the content of the disclosure clearly and precisely permits either case: 

Subsequently, after the dermal cells have attached, epidermal cells are 
inoculated as suspensions and permitted to attach to the layer or 
population of dermal cells. Alternatively, combinations of dermal and 
epidermal cells may be inoculated simultaneously. 

(p. 1 7, lines 1 -4). Thus, because one skilled in the art would know both the scope of the claims and 

would know when infringement occurred, Appellant asserts claim 10 is sufficiently definite. 

Independent claim 18 is found indefinite because the Examiner finds "the conditions to form at 
least one dermal cellular lamination layer unclear." One skilled in the art, however, would know the 
scope of the claimed "conditions to form at least one dermal cellular lamination layer population" because 
these are "conditions facilitating cell growth, maintenance, and division" (p. 20 lines 21-23), that is, 
standard tissue culture conditions. Further, Appellant expressly incorporates by reference relevant pages 
from two publications describing how dermal and epidermal cells are cultured (p. 10 lines 6-10). One 
skilled in the art would therefore know these conditions, and further would know if infringement occurred 
by determining if "at least one dermal cellular lamination layer population" resulted from the conditions. 
Thus, because one skilled in the art would know both the scope of the claims and would know when 
infringement occurred, Appellant assets claim 18 is sufficiently definite. 

Independent claim 24 is found indefinite for the same reasons as claim 18, thus Appellant asserts 
the above argument and reasoning for his assertion that claim 24 is sufficiently definite. 
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Because the independent claims are sufficiently definite for at least the reasons above, Appellant 
respectfully requests the Board overturn the Examiner's rejection that claims 10-13, 15-18, 21-23, and 24- 
27 are indefinite. 

Lack of Enablement 

Appellant respectfully asserts that claims 10-17, 18-23, 24-27, and 29-30 are enabled under 35 
U.S.C. §112. 5 

The enablement standard, set forth above, recognizes that every detail need not be explained 
because the inventor is speaking to one skilled in the art; the specification is not intended to be a 
production specification. DeGeorge, supra , quoting In re Gay, 135 U.S.P.Q. 311, 316 (C.CP.A. 1962). 

To Appellant's best reading of the Examiner rejection regarding claims 10-13, 15-18, 21-23, 24- 
27, and 29-30, the Examiner rejects because of "the scope of the biocompatible reticulated a cellular [sic] 
matrix, which encompasses a non-porous aceilular matrix (i.e., steel, glass, gold, plastic etc.). The state 
of the artificial skin art at the time of filing of instant invention was such that the construction [of] artificial 
skin is complex and the final product made is of little benefit if it cannot be efficiently produced ...". April 
18, 2006 Office Action, p. 6. Appellant respectfully disagrees. 

The matrix is enabled, at least at pp. 12-15, sections "Matrix-Forming Protein-Containing Fluid" 
and "Method of Forming Crosslinked Matrix", and Appellant's U.S. Patent No. 6,905,105, incorporated by 
reference at p. 13 in the present application. The method of inoculating the matrix is enabled at least at 
pp 15-21 section "Cellular Inoculation of the Matrix". The conditions to form the device are enabled at 
least at p. 20 line 21 to p. 21 line 4, using standard tissue culture techniques known to one skilled in the 
art. 

Because Appellant has explained how each of claims 10-17, 18-23, 24-27, and 29-30 are not 
anticipated under 35 U.S.C. §102, are not obvious under 35 U.S.C. §103, and are sufficiently definite and 
are enabled under 35 U.S.C.§112, Appellant respectfully requests the Board to overturn the Examiner's 
rejection of claims 10-17, 18-23, 24-27, and 29-30. 

Device (claim 28) 

Appellant respectfully asserts that device claim 28 reciting specified steps and specific media is 
not obvious and is enabled. 

Obviousness 



5 Claims 14, 19, and 20 were canceled in Applicant's January 26, 2006 Amendment; the accurate claim 
listing is claims 10-13, 15-18, 21-23, and 29-30. 
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Claim 28 requires specific components and concentrations for the medium in which the dermal 
cell-inoculated matrix is maintained. Incorporating the previously explained standards that the Examiner 
must meet to maintain an obviousness rejection, the Examiner's rejection must fail, at least because any 
motivation to combine the references is completely lacking. 

Niels, the primary reference, inoculates his substrate using 3:1 DMEM and Ham's F12 
supplemented with 10% fetal calf serum, adenine, hydrocortisone, insulin, triiodothyronine, cholera toxin, 
EGF, transferrin, penicillin, streptomycin, and amphotericin B, each at specified concentrations (Niels p. 
844, col. 1, "Keratinocyte and Fibroblast Culture and Seeding"). The Boyce 1998 secondary reference is 
a review and does not disclose specific components and concentrations for inoculation medium. The 
Boyce '878 secondary reference discloses MCDB 153 containing calcium, amino acids, EGF, insulin, 
hydrocortisone, ethanolamine, phosphoethanolamine, bovine pituitary extract, and penicillin-streptomycin- 
Fungizone, each at specified concentrations (Boyce '878 col. 15 lines 2-6 referencing col. 14 lines 60-67). 

One skilled in the art would not be taught, motivated, or suggested to omit or add a component, 
or to change a concentration of any component, at least because there is no suggestion to do so in these 
references and there is no reasonable expectation of success that doing so would result in the desired 
outcome. In contrast, requiring specific components at specified concentrations teaches away from any 
change, because of the possibility that such change would perturb the balance required for growth and 
maintenance of specific cell types. 

Lack of Enablement 

Appellant can find no specific arguments supporting the Examiner's lack of enablement rejection 
of claim 28, and disagrees that the specification does not enable one skilled in the art to make and use 
the invention commensurate in scope with claim 28. 

As previously analyzed, the matrix is enabled, at least at pp. 12-15, sections "Matrix-Forming 
Protein-Containing Fluid" and "Method of Forming Crosslinked Matrix", and in Appellant's U.S. Patent No. 
6,905,105, incorporated by reference at p. 13 in the present application. The method of inoculating the 
matrix is enabled at least at pp. 15-21 , section "Cellular Inoculation of the Matrix". The conditions to form 
the device are enabled at least at p. 20 line 21 to p. 21 line 4, using standard tissue culture techniques 
known to one skilled in the art. Claim 28 itself recites the specific medium components and 
concentrations, with vendors and other details further provided at least at p. 19 line 21 to p. 20 line 8. 
Further explanation for forming dermal cell attachment and surface lamination is provided at least at p. 19 
lines 9-20, and for post-inoculation conditions to form the device is provided at least at p. 19 line 21 to p. 
20 line 4. 
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Because Appellant has demonstrated why claim 28 is not obvious under 35 U.S.C. §103 and is 
enabled under 35 U.S.C. §112, Appellant respectfully requests the Board to overturn the Examiner's 
rejection of claim 28. 

Method of Inoculating a Matrix (claims 32-33) 

Appellant respectfully asserts that claims 32-33 are not anticipated by Niels under 35 U.S.C. 
§102, and are enabled under 35 U.S.C,§1 12. 
Anticipation 

Independent claim 32 recites a method of inoculating a matrix that requires, as a first step in the 
method, providing an engineered matrix comprised of collagen overlying an absorbent material saturated 
with a cell culture medium. As a second step, the method requires incubating the inoculated matrix under 
conditions to form a cellular lamination layer of dermal cells. 

Incorporating the reasons set forth and analyzed above, the proper claim construction of an 
engineered matrix having a cellular lamination layer of dermal cells is a matrix that is synthesized from 
chemicals and fabricated to desired specifications, and one that has dermal cells on the surface of the 
matrix that are not required to invade the matrix. Also incorporating all the reasons set forth and analyzed 
above, Niels does not disclose such a matrix, as the terms are properly construed, and thus does not 
anticipate claim 32 nor dependent claim 33. 

Enablement 

Appellant can find no specific arguments supporting the Examiner's lack of enablement rejection 
of claim 32, and disagrees that the specification does not enable one skilled in the art to make and use 
the invention commensurate in scope with claim 32. 

As previously analyzed, the matrix is enabled, at least at pp. 12-15, sections "Matrix-Forming 
Protein-Containing Fluid" and "Method of Forming Crosslinked Matrix", and in Appellant's U.S. Patent No. 
6,905,105, incorporated by reference at p. 13 in the present application. The specifically claimed method 
of inoculating the matrix by which culture medium is provided to a top surface of the matrix under 
conditions sufficient to draw the medium through the absorbent material and deposit dermal cells on the 
matrix is the "lifted inoculation" embodiment that is described at least at p. 17 line 17 to the end of p. 18, 
and within the general section "Cellular Inoculation of the Matrix" at pp. 15-21. 

In addition to disclosing the matrix, its preparation, its composition, and its dimensions, examples 
and vendors of types of porous membranes, absorbent materials, and medium used to inoculate dermal 
cells, and conditions for post-inoculation treatment of the membrane to form a cellular lamination layer 
(e.g., p. 19 lines 1-12) are also provided. 
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Because Appellant has demonstrated why claims 32-33 are not anticipated under 35 U.S.C. §102 
and are enabled under 35 U.S.C. §112, Appellant respectfully requests the Board to overturn the 

Examiner's rejection of claims 32-33, 

Method of Producing Permanent Skin Device for a Patient (claims 34-37) 

Anticipation 

Appellant respectfully asserts that claims 34-37 are not anticipated under 35 U.S.C. §102 by 

Niels. 

Independent claim 34 requires inoculating an engineered matrix as one step in the method. 
Incorporating all the reasons set forth and analyzed above, the proper claim construction of an 
engineered matrix is one that is synthesized from chemicals and fabricated to desired specifications. 
Also incorporating all the reasons set forth and analyzed above, Niels does not disclose an engineered 
matrix, as the term is properly construed. 

Independent claim 34 requires incubating the inoculated matrix under conditions to form a 
cultured skin device having a cellular lamination layer on the matrix within one month after inoculating the 
cells. Niels specifically discloses "Seeding cultured dermal fibroblasts on SCD [second cut dermis] 
resulted in both colonization of the surface as well as invasion of the acellular dermis " (Niels p. 845 
middle of col. 2 } emphasis added). Fibroblasts, which are dermal cells, that invade Niels acellular dermis 
do not meet Appellant's claimed limitation that requires a cellular lamination layer in which cells do not 
invade the matrix; as Appellant has analyzed. Also incorporating all the reasons set forth and analyzed 
above, Niels does not disclose such a matrix, as the terms are properly construed, and thus does not 
anticipate claims 34-37. 

Indefiniteness 

Appellant respectfully asserts that claims 34-37 are sufficiently definite under 35 U.S.C. §112. 
Independent claim 34 is found indefinite because the conditions to form a permanent cultured skin device 
are unclear, and whether dermal and epidermal cell inoculation is simultaneous or sequential is unclear. 
April 18, 2006 Office Action, p. 9. 

Applying the enablement standards Appellant set forth above with respect to the Examiner's 
rejection based on conditions, one skilled in the art would know the scope of the claimed "conditions to 
form a cultured skin device having a cellular lamination layer on the biocompatible reticulated acellular 
matrix within one month after inoculating the cells", because these are "conditions facilitating cell growth, 
maintenance, and division" (p. 20, lines 21-23), that is, standard tissue culture conditions. Further, 
Appellant expressly incorporates by reference relevant pages from two publications describing how 
dermal and epidermal cells are cultured (p. 10 lines 6-10). One skilled in the art would certainly know 
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these conditions, and further would know if infringement occurred by determining if "at least one dermal 
cellular lamination layer population" resulted from the conditions, particularly because the temporal 
limitation adds still further definiteness: the lamination layer must form "within one month after inoculating 
the cells". 

Applying the enablement standards Appellant set forth above with respect to the Examiner's 

rejection based on sequential or simultaneous inoculation, one skilled in the art would know that 

infringement occurred if he/she met the claim limitations and inoculated either sequentially or 

simultaneously, at least because (a) no temporal limitation is stated, and (b) because the content of the 

disclosure clearly and precisely permits either case: 

Subsequently, after the dermal cells have attached, epidermal cells are 
inoculated as suspensions and permitted to attach to the layer or 
population of dermal cells. Alternatively, combinations of dermal and 
epidermal cells may be inoculated simultaneously. 

(p. 17, lines 1-4). 

Dependent claims 35-35 recite further requirements: the patient is burned (claim 35), has a 
chronic wound (claim 36), or is a candidate for elective surgery of the skin (claim 37). Ascertaining the 
scope of these claims and whether infringement occurred could be readily evidenced by medical data 
(e.g., hospital records), and thus is also readily apparent to one skilled in the art. 

Thus, because one skilled in the art would know both the scope of the claims and would know 
when infringement occurred, Appellant asserts claims 34-37 are sufficiently definite. 

Lack of Enablement 

Appellant respectfully asserts that claims 32-37 are enabled under 35 U.S.C. §112. The 
Examiner's position is as follows: 

The specification as filed fails to disclose any skin device (as claimed) 
which is capable of engraftment in an animal and can be of any 
therapeutic use in a patient with a burn, a burn scar, a chronic skin ulcer, 
a congenital skin lesion, any metabolic disease, any protein defect, any 
protein deficiency, and/or combinations thereof. 

(April 18, 2006 Office Action, p. 6). Appellant has previously described in this Brief how the claimed steps 

of isolating cells, culturing the cells, and inoculating the matrix are enabled (see at least pages 8-9, 12, 

and 14). 

Appellant's step of providing the device to the patient is enabled at least at the following sections: 

After incubating the inoculated matrix under conditions facilitating cell 
growth, the device is transplanted surgically to the patient. In one 
embodiment, transplantation may be performed within one day (about 16 
h to about 24 h) after epidermal cell inoculation of the matrix. In another 
embodiment, transplantation may be performed with one month after 
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epidermal cell inoculation of the matrix. Within these times, the device 
develops properties preferred for a therapeutic skin graft material. 

(p. 7 line 23 to p. 8 line 5) 

Various factors may affect the selection of particular genotypic 
compositions of the ceils [used as the source of epidermal and/or dermal 
cells]. For example, the use of allogeneic or xenogeneic cells may 
shorten the preparation time of the device, or may further reduce the 
requirement for donor skin from the patient. Depending upon the 
particular condition of the recipient , these factors may be an important 
determinant. 

(p. 9, lines 15-20, emphasis added) 

Depending upon the application for which the device is prepared, 
selected types of epidermal cells and/or dermal cells may be included or 
excluded. As one example, a device may include melanocytes to restore 
pigmentation in the transplant site. 

(p. 10 lines 20-24). 

The disclosed "properties" would result depending upon the reason the device was transplanted; 
e.g., therapy for a burn for devices transplanted to a newly burned patient, therapy for a burn scar for 
devices transplanted to scared burned patients, therapy for a chronic skin ulcer for devices transplanted 
to patients with a chronic skin ulcer, therapy for metabolic disease transplanted to a patient with such a 
disease from which a cultured skin device may provide a missing or defective component, therapy for a 
protein defect transplanted to a patient with such a defect from which a cultured skin device may provide 
the missing protein, protein precursor, cofactor, etc., therapy for a protein deficiency for devices 
transplanted to a patient with such a deficiency from which a cultured skin device may provide or 
supplement the deficient protein, protein precursor, cofactor, etc. 

The specification provides additional enablement for efficacy: 

Once the device is grafted to the patient, the biodegradable matrix is 
absorbed by the body. The cells organize to form functional skin tissue, 
referred to as an engrafted cultured skin substitute. The device has 
many of the properties and structures that are found in normal, uninjured 
skin, and functions as does normal, uninjured skin to protect the 
individual from fluid loss and microbial infection. For example, the device 
function as an epidermal barrier , which is definitive of normal skin 
function as known to those skilled in the art. The device establishes a 
basement membrane , and maintains the same anatomic configuration of 
the cellular layers or populations as in normal uninjured ski n. The 
device produces and releases angiogenic factors and mediators of the 
inflammatory process, as does normal, uninjured skin. The device is 
effectively vascularized in less than one week, and becomes partially 
vascularized within two days after transplant. 
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(p. 8 lines 11-23, emphasis added for specific properties demonstrated in Appendix B, photographs 
shown during the July 20, 2005 Interview, specifically slides 3 and 4). 

The Examiner's rejection continues, addressing the presentation made by Appellant demonstrating the 

claimed method: 

Even though the presentation provided by the Applicant during the 
interview conducted on 07/22/05 discloses use of a biocompatible 
reticulated matrix, the presentation fails short of disclosing the structural 
limitation of the biocompatible aceilular matrix used. 

April 1 8, 2006 Office Action, p. 6 bottom to p. 7 line 2). 

Appellant respectfully disagrees. His presentation, which is of-record, shows the matrix (slide 2), 
that is "aceilular" and that is "engineered" as disclosed in the specification and using the device in 
Appellant's now issued U.S. Patent No. 6,905,105 "Apparatus for Preparing a Biocompatible Matrix", filed 
on the same day and expressly incorporated by reference at p .13 in the present application (Attached as 
Exhibit B)). The presentation shows "dermal cells providing a cellular lamination layer for epidermal cells" 
(slide 3 bottom and slide 4). A "biocompatible" matrix is shown in slide 5 (specifically referencing claim 
34) with "providing the device to a patient", in this case, a burn patient. The "method for producing a 
permanent cultured skin device for a patient" is shown at slides 6 and 7, which shows the patient of slide 
5 with the engrafted device at post-operative days 14 (left side of slide 6) and 28 (right side of slide 6), 
after 6 months (left side of slide 7) and after one year of engraftment (right side of slide 7). Thus, 
Appellant disagrees that claims 34-37 are not sufficiently enabled. 

The Examiner also rejects as follows: 

The applicant fails to provide any evidence on the record, which 
establishes that a skin device constructed on a non-porous aceilular 
matrix is capable of engrafting. The disclosure "shall inform how to use, 
not how to find out how to use for themselves" [citation omitted]. In [s/c] 
instant case the examples provided in the instant specification are 
prophetic and read as instructions rather than examples, leaving 
significant amount of experimentation necessary to practice the 
invention. The USPTO does not have laboratory facilities to test if an 
invention will function as claimed when working examples are not 
disclosed in the specification, therefore, enablement issues are raised 
and discussed based on the state of knowledge pertinent to an art at the 
time of the invention, therefore skepticism raised in the enablement 
rejections are those raised in the art by artisans of expertise. 

April 18, 2006 Office Action, p. 7, emphasis in original. 

Appellant respectfully disagrees, reiterating his February 14, 2005 reasons and refutations that 
his "examples are prophetic and read as instructions rather than examples, leaving significant amount of 
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experimentation necessary to practice the invention." Appellant has complied with the statutory 

requirement under 35 U.S.C. §111, which includes the requirements of 35 U.S.C. §112. "Compliance 

with the enablement requirement of 35 U.S.C. 1 12 first paragraph does not turn on whether an example is 

disclosed." MPEP §2164.02. While this section distinguishes working and prophetic examples, and the 

need to use the past tense in working examples to show work actually performed, versus present tense in 

prophetic examples to show work not actually performed, Appellant wrote his description without an 

Example section, thus obviating the need for tense-specific language. Although tense-specific language 

was not used, Appellant has stated on the record, and as of the time that the Examiner made his initial 

lack of enablement rejection, that all process were indeed performed . ("All process were performed and 

are fully described in the detailed description, where there is no tense-specific language requirement", 

February 14, 2005 Amendment, p. 7). 

Because the specification was not demarcated into an Examples section, and thus verb tense is 

not probative of whether experiments were or were not performed, Appellant respectfully asserts that the 

Examiner's rejection on this basis is specious. As Appellant stated: 

Applicant's detailed description is in complete compliance with the 
requirement for "such particularity as to enable any person skilled in the 
pertinent art or science to make and use the invention without involving 
extensive experimentation." (MPEP §608.01 (g)). It contains a full 
disclosure of the timing for device transplant (e.g., pages 7-8), properties 
of the engrafted device (e.g., page 8), sources for the cellular 
populations (e.g., pages 9-10), exemplary applications for the device 
(e.g., pages 10-11), preparation of the device (e.g., pages 11-12), still 
further detail of matrix preparation, including crosslinking (e.g., pages 12- 
15), cellular inoculation of the matrix, including descriptions of both 
submerged inoculation and lifted inoculation, as well as day-by-day steps 
(e.g., pages 15-20), description of cellular post-inoculation events (e.g., 
pages 20-21), preparation of the physiologic transplant site (e.g., page 
21), surgical transplant procedures including vascularization, (e.g., page 
21), and post-engraftment considerations including but not limited to graft 
beds, antimicrobial considerations, irrigation, dressings, etc. (e.g., page 
21-22). These are detailed teachings, and not the "tossing out the mere 
germ of an idea", nor are they "vague intimations of general ideas that 
may or may not be workable" (Examiner's [November 17, 2004] Office 
Action, page 6). Applicant also respectfully disagrees with the Examiner 
that the application fails to disclose any skin device that is capable of 
engraftment in an animal and can be of any therapeutic use in a patient. 



Were there any remaining doubt, Appellant's presentation during his July 20, 2005 Examiner's 
Interview dispelled whether claims 34-37 were enabled; the color photograph at slide 5, dated September 
18, 2001, unequivocally evidence enablement, showing a patient treated with the method of claim 34, and 
slides 6 and 7 demonstrate the patient's progress over a one year period from the date of device 
transplant surgery. 
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Because Appellant has demonstrated why claims 34-37 are not anticipated under 35 U.S.C. 
§102, and are definite and enabled under 35 U.S.C. §112, Appellant respectfully requests the Board to 
overturn the Examiner's rejection of claims 34-37. 



Summary 



For the foregoing reasons, Appellant believes that the Examiner's rejection of claims 1-4, 6-7, 9- 
13, 15-18, 21-30,and 32-37 was erroneous, and reversal of the decision is respectfully requested. 

Appellant has authorized credit card payment in the amount of $1620.00 for filing of this Brief, 
requesting an oral hearing, and a 1 -month extension fee, as shown on the Electronic Fee Sheet. Should 
any further fees be required, authorization is given to charge (or credit any overpayment to) Deposit 
Account No. 23-3000. 



2700 Carew Tower 
441 Vine Street 
Cincinnati OH 45202 
513 241 2324 
513 241 6234 Facsimile 



Respectfully submitted, 



WOOD, HERRON & EVANS, LLP. 




Beverly A. Lyman( Ph.D. 
Reg. No. 41,961 
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APPENDIX A 



1 . A cultured skin device comprising cultured dermal cells on an engineered biocompatible reticulated 
aceiluiar matrix comprised of collagen, the dermal cells providing a cellular lamination layer for cultured 
epidermal cells deposited thereon, 

2. The device of claim 1 therein the epidermal cells are selected from the group consisting of 
keratinocytes, melanocytes, and combinations thereof, 

3. The device of claim 1 wherein the dermal cells are selected from the group consisting of fibroblasts, 
endothelial ceils, and combinations thereof. 

4. The device of claim 1 for therapy In a patient with a burn, a burn scar, a chronic skin ulcer, a 
congenita! skin lesion, and combinations thereof. 

5. CANCELED 

6. The device of claim 1 wherein the matrix consists essentially of collagen. 

7. The device of claim 1 wherein the ceils are selected from the group consisting of autologous, 
allogenic, and combinations thereof. 

8. CANCELED 

9. The device of claim 1 capable of engraftment to provide at least one characteristic selected from the 
group consisting of an epidermal barrier, basement membrane, angiogenesis, and pigmentation. 

10. A method of producing a cultured skin device comprising inoculating an engineered biocompatible 
reticulated aceiluiar matrix comprised of collagen with cultured dermal and epidermal cells, and 
incubating said inoculated matrix under conditions sufficient to form a cultured skin device, the derma! 
cells providing a cellular lamination layer for the epidermal ceils. 

1 1 . The method of claim 10 wherein conditions comprise incubating in a medium containing a component 
selected from the group consisting of insulin, at least one essential fatty acid, vitamin C, and 
combinations thereof. 
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12. The method of claim 1 1 wherein insulin is at a concentration in the range of about 0.05 jig/ml to 
about 500 ng/ml. 

13. The method of claim 10 wherein the dermal cells are inocuiated prior to inoculating the epidermal 
cells. 

14. CANCELED 

1 5. The method of claim 1 0 wherein the matrix consists essentially of collagen, 

18. The method of claim 10 wherein the epidermal ceils comprise melanocytes and the cultured skin 
composition restores skin pigmentation. 

17. The method of claim 10 wherein the dermal celis comprise endothelial ceils and the cultured skin 
composition stimulates formation of blood vessels. 

1 8. A method of producing a cultured skin device comprising isolating at least a first dermal cell type from 
skin, culturing the isolated cells, and inoculating the cultured ceils to an engineered biocompatible 
reticulated acellular matrix comprised of collagen by a method selected from the group consisting of 
submerged inoculation and lifted inoculation, and incubating said inoculated matrix under conditions to 
form at least one dermal cellular lamination layer population. 

19. and 20. CANCELED 

21 . The method of claim 1 8 wherein the cells are from a recipient of the skin device. 

22. The method of claim 18 wherein the cells are selected from the group consisting of allogeneic and 
autologous. 

23. The method of claim 18 wherein the cultured skin device is chimeric In genotype. 

24. A method for producing a permanent cultured skin device for a burn patient comprising 

isolating at least one dermal cell type and at least one epidermal cell type from an uninjured area 
of skin from a burn patient, 
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separately cuituring the isolated derma! and epidermal cells, 

inoculating an engineered biocompatible reticulated acellular matrix comprised of collagen with 
the cultured dermal and epidermal cells and incubating the inoculated matrix under conditions to form a 
cultured skin device having a dermal cellular lamination layer to support an epidermal cellular layer 
deposited thereon within one month after Inoculating the cells, and 

providing the device to the patient. 

25. The method of claim 24 therein the dermal cells are selected from the group consisting of 
fibroblasts, endothelial cells, and combinations thereof, and the epidermal cells are selected from the 
group consisting of keratinocytes, melanocytes, and combinations thereof, 

26. The method of claim 24 wherein the cultured skin device restores an epidermal barrier function, 

27. The method of claim 24 wherein the cultured skin device is vascularized within two to seven days of 
surgical application. 

28. A cultured skin device prepared by a method comprising 

isolating at least one dermal cell type and at least one epidermal cell type from skin, 
separately cuituring the isolated dermal and epidermal ceils, 

providing the cultured derma! cells to an engineered biocompatible reticulated acellular matrix 
comprised of collagen and Incubating in Duibecco ! s modified Eagle's medium containing strontium 
chloride (0.01 mM to 100 inM); linoleic acid/BSA (0.02 ug/ml to 200 jig/mi); insulin (0.05 ng/ml to 500 
jLig/mi); triiodothyronine (0.2 pM to 2000 pM); hydrocortisone (0.005 jxg/ml to 50 ug/ml); a combination of 
penicillin (100 U/mi), streptomycin (100 jug/ml), amphotericin (0.25 fig/ml); ascorbic acid-2-phosphate 
(0.001 mM to 10 mM), progesterone (0.1 nM to 1000 nM) and epidermal growth factor (0.01 ng/ml to 100 
ng/ml) for about 24 hours, and 

thereafter providing the cultured epidermal cells on a cellular lamination layer of derma! cells to 
form the cultured skin device. 

29. A method of producing a cultured skin device comprising 

Inoculating an engineered biocompatible reticulated acellular matrix comprised of collagen with 
cultured dermal cells, 

Incubating the inoculated matrix under conditions to form a cellular lamination layer of dermal 

cells, 
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inoculating cultured epidermal cells on the dermal cell lamination layer, and 
incubating under conditions sufficient to form a cultured skin device. 

30. The method of claim 29 wherein said matrix is dehydrated to form a crosslinked matrix before 
inoculating with cultured derma! ceils. 

31. CANCELED 

32. A method of inoculating a matrix with a cell suspension comprising 

providing an engineered reticulated acellular matrix comprised of collagen overlying an absorbent 
material the materia! saturated with a ceil culture medium, 

thereafter providing dermal cells suspended in a volume of culture medium to a topic surface of 
the matrix under conditions sufficient to draw the medium through the absorbent materia! and deposit the 
derma! cells on the matrix to form a cellular lamination layer, 

33. The method of claim 32 wherein the undersurface of the reticulated acellular matrix is in contact with 
a substantially non-adherent, non-cytotoxic surface. 

34. A method for producing a permanent cultured skin device for a patient comprising 

isolating at least one dermal cell type and at least one epidermal cell type from an uninjured area 
of skin from the patient, 

separately cuituring the isolated derma! and epidermal cells, 

inoculating an engineered biocompatible reticulated acellular matrix comprised of collagen with 
the cultured dermal and epidermal cells and incubating the inoculated matrix under conditions to form a 
cultured skin device having a cellular lamination layer on the biocompatible reticulated acellular matrix 
within one month after inoculating the cells, and 

providing the device to the patient. 

35. The method of claim 34 wherein the patient is burned. 

36. The method of claim 34 wherein the patient has a chronic wound. 

37. The method of claim 34 wherein the patient is a candidate for an elective surgery of the skin. 
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(57) ABSTRACT 

An apparatus and method of using the apparatus to prepare 
a biocompatible biodegradable matrix capable of supporting 
cells to form an implantable or engraf table surgical device. 
A matrix-forming fluid is contained within a chamber 
defined by top and bottom surfaces of a thermally conduc- 
tive material and spacers defining the thickness of the 
matrix. The chamber is then cooled to freeze the solution at 
a controlled rate, resulting in a matrix with a desired and 
uniform thickness having symmetric and uniform reticula- 
tions. The apparatus and method reproducibly forms such a 
matrix, which may be populated with cells for transplanta- 
tion and engraftment into a wound. 

6 Claims, 8 Drawing Sheets 
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APPARATUS FOR PREPARING A 
BIOCOMPATIBLE MATRIX 

FIELD OF THE INVENTION 5 

The invention is directed generally to an apparatus and 
method to prepare a biocompatible reticulated matrix that 
may be used to support cells to form a surgical device such 
as a cultured skin substitute device. 

10 

BACKGROUND 

Skin is one of the largest organs in the body and covers 
substantially the entire body surface. Skin is composed of 
two main layers: the surface epithelium or epidermis, which 
contains keratinocytes as one type of epidermal cells, and 
the subjacent connective tissue layer or dermis, which 
contains fibroblasts as one type of dermal cells. The func- 
tions of skin include protecting an organism from injury and 
dessication by serving as a barrier to infection, perceiving or 2Q 
detecting environmental stimuli, excreting various 
substances, regulating body temperature, and helping to 
maintain water balance. Because of its quantitative and 
qualitative importance, substantially intact and healthy skin 
is crucial, not only for the well being of an organism but for ^ 
its very survival. 

The health and integrity of skin may be compromised by 
congenital or acquired pathological conditions, either acute 
or chronic, for which normal skin regeneration and repair 
processes may be inadequate. These conditions include, but 30 
are not limited to, burns, wounds, ulcers, infections, and/or 
congenital abnormalities. Patients who are burned over a 
large surface area often require immediate and extensive 
skin replacement. Less life-threatening but chronic skin 
conditions, as occur in venous stasis ulcers, diabetic ulcers, 35 
or decubitus ulcers as three examples, may progress to more 
severe conditions if left untreated, particularly since patients 
with these conditions have an underlying pathology. Reduc- 
tion of morbidity and mortality in such patients depends 
upon timely and effective restoration of the structure and 40 
function of skin. 

Skin substitutes derived either ex vivo or in vitro may be 
used to treat these or other conditions. Desirable skin 
substitutes are readily available, require a minimum amount 
of donor skin, are otherwise simple to produce, and are 45 
cost-effective to generate and maintain. Several approaches 
to produce skin substitutes which satisfy some or all of these 
requirements have been attempted, with varying degrees of 
success. However, no skin substitute has yet regenerated all 
of the structures and functions of skin. Rather, all are subsets 50 
of uninjured skin. Only a transplant of full thickness skin, 
which demonstrates scarring during healing, and restores 
virtually all structures and functions of normal uninjured 
skin. 

Materials have been manufactured for use in permanent 55 
skin repair. These materials contain different components 
replacing or simulating the components and functions of the 
dermis and/or epidermis. Examples of these materials 
include EpiCel™, which lacks a dermal component and uses 
the patient's own cultured keratinocytes; Integra™, which 60 
uses a collagen-glycosaminoglycan (GAG) matrix to pro- 
vide an acellular dermal component and uses a thin epider- 
mal autograft; AlloDerm™, which uses a dermal matrix and 
a thin epidermal autograft; DermaGraft™, which uses a 
polyglycolic acid/polylactic acid (PGA/PLA) matrix and 65 
allogeneic human fibroblasts for the dermis; Hyaff/ 
LaserSkin™, which uses hyaluran and fibroblasts for the 
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dermis, and hyaluran and the patient's own keratinocytes for 
the epidermis; and PolyActive™, which uses polyethylene 
oxide/polybutylthalate (PEO/PBT) and the patient's own 
fibroblasts for the dermis, and the patient's cultured kerati- 
nocytes for the epidermis. 

Materials to either temporarily cover wounds, or to stimu- 
late permanent skin repair processes, included ApliGraft™, 
which uses collagen gel and allogeneic fibroblasts for the 
dermis, and cultured allogeneic keratinocytes for the epi- 
dermis; Comp Cult Skin™ or OrCel™, which uses collagen 
and allogeneic fibroblasts for the dermis, and cultured allo- 
geneic keratinocytes for the epidermis; and TransCyte™, 
which uses allogeneic fibroblasts for the dermis and a 
synthetic material, BioBrane™, for the epidermis. 

While the above materials are useful to varying degrees, 
each has disadvantages and limitations. Some of the mate- 
rials are mechanically fragile, making it difficult to perform 
the required manipulations and transfers of the material in 
large sections without tearing. Instead, the materials must be 
used as smaller pieces, which makes coverage of large 
surface areas technically laborious for the physician and 
cosmetically undesirable for the patient. The materials are 
also susceptible to microbial contamination, which is unac- 
ceptable for patients who are already at an increased risk for 
infection due to their compromised condition. The materials 
show varying rates of engraftment and time to heal, both of 
which must be considered in balancing the advantage of a 
particular material over another for a particular patient. For 
example, a material which is otherwise acceptable but which 
takes longer to engraft and heal is less desirable, since 
recovery includes as rapid a return to a normal routine as 
possible. 

Yannas et al. in U.S. Pat. No. 4,458,678 discloses a 
method for preparing a fibrous lattice and seeding it with 
viable cells. The lattice is prepared by pouring an aqueous 
slurry of collagen and glycosaminoglycan into an open 
metal tray or pan. Use of an open tray results in asymmetric 
contact of the slurry to ambient conditions; that is, one 
surface of the slurry is in contact with a surface of the tray 
or pan ("pan surface"), while another surface of the slurry is 
in contact with the atmospheric environment ("air surface"). 
The pan is then placed in contact with a heat sink, such as 
the refrigerated shelf of a lyophilizer, to initiate freezing of 
the aqueous slurry from the pan side. Freezing proceeds 
predominantly in a vectorial direction from the pan surface 
to the air surface, with heat flowing much more rapidly 
toward the pan surface than the air surface. Upon freezing, 
the structure of the lattice is asymmetric with, generally, 
more frequently distributed reticulations of polymers toward 
the pan surface than the air surface. After freeze-drying, the 
resulting lattice is an asymmetric structure, which results in 
non-uniform ability for cells to penetrate the lattice. 
Furthermore, the method and apparatus of Yannas limit both 
the uniformity of thickness, and the minimum thickness that 
can be obtained consistently and deliberately. 

The inventor's own previous composite skin replacement, 
disclosed in U.S. Pat. No. 5,976,878, which is expressly 
incorporated by reference herein in its entirety, has been 
used successfully for permanent skin replacement. It is 
applied surgically in a single procedure, and contains a layer 
of cultured epidermal cells, a synthetic dermal membrane 
component, and a substantially nonporous synthetic lami- 
nation layer on one surface of the dermal membrane com- 
ponent. The synthetic dermal membrane component is 
formed from collagen, or collagen and a mucopolysaccha- 
ride compound, and is laminated with the same collagen or 
collagen and mucopolysaccharide compound-containing 
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solution containing a volatile cryoprotectant. The substan- 
tially nonporous lamination layer may be located between 
the dermal component and the layer of cultured epidermal 
cells, promoting localization of epidermal cells on the sur- 
face of the dermal component and movement of nutrients to 5 
the cells of the cellular epidermal component. This compo- 
sition can also be used to deliver biologically active mol- 
ecules to the site where it is applied. The apparatus for 
preparing the synthetic dermal membrane component, used 
to prepare the composite skin replacement of the '878 10 
patent, is disclosed in U.S. Pat. No. 5,711,172, which is 
expressly incorporated herein by reference in its entirety. 

Desirable features of the above -described composite skin 
replacement included an increased rate of vascularization of 
the area covered by the material, decreased microbial 15 
contamination, increased nutrient supply, and improved epi- 
dermal barrier function, compared to other materials. Areas 
covered with the composite skin replacement required less 
time to engraft and heal, and the material was less suscep- 
tible to microbial contamination compared to other materi- 20 
als. Other desirable features were that this material was 
relatively non-fragile and easy to handle, and could be 
generated relatively rapidly, for example, within the time 
frame in which a burn patient would require skin grafts. 
However, while no other alternative material has healed 25 
excised, full thickness wounds more rapidly, and with as low 
an incidence of microbial contamination, limitations still 
exist. Thus, there remains a need to more closely approach 
the structural and functional properties of normal uninjured 
skin. 30 

SUMMARY OF THE INVENTION 

The invention is directed to an apparatus for the prepa- 
ration of a biocompatible, biodegradable, matrix having 35 
substantially symmetrical reticulations to support cells 
inoculated thereon. The cells may be cultured skin cells for 
formation of an engraftable device for the surgical replace- 
ment of skin in burn patients, for example. Basically, a 
solution of matrix components is cast between top and 4Q 
bottom surfaces (e.g., plates) of a material which facilitates 
rapid transfer of heat, so that the solution in contact with 
these surfaces is rapidly and uniformly cooled on both top 
and bottom surfaces. Once frozen, the solid matrix has 
substantially symmetric reticulations, which allow uniform 45 
cell population and result in an improved device for ingraft- 
ing or implanting in a patient. The apparatus and method of 
using the apparatus results in reproducible matrices each 
time the apparatus is used, so that reproducible devices are 
generated. 50 

In one embodiment, the apparatus contains a chamber 
defined by top and bottom planar surfaces of a heat con- 
ductive material, such as a metal. The sides of the chamber 
are defined by at least one gasket of substantially uniform 
thickness positioned between the top and bottom surfaces. 55 
Closures, such as clips, latches, clamps, etc. hold the planar 
surfaces together. The assembled apparatus allows indirect 
contact by a coolant and subsequent freezing of the matrix- 
forming solution. The chamber may be immersed in the 
coolant, either vertically or horizontally, as in a coolant bath. 50 

In another embodiment, the apparatus containing the 
above-described chamber may be further contained within a 
jacket through which a coolant flows or recirculates. In this 
embodiment, the apparatus also has top and bottom frames 
which are affixed to the top and bottom surfaces of the heat 65 
conductive material. The top and bottom frames contain one 
or more ports and channels through which a coolant fluid 
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flows. The embodiment provides a contained apparatus to 
effect the desired rate of cooling. 

In another embodiment, the invention is directed to a 
method of preparing the matrix using the apparatus. A 
matrix-forming solution is contained within a chamber and 
is in contact with a material which allows rapid and sub- 
stantially uniform removal of heat from the top and bottom 
surfaces of the solution. Gaskets of a desired thickness 
separate the top and bottom surfaces and allow control over 
the thickness of the resulting matrix. Using a coolant that 
can effect the desired rate of cooling, the solution contained 
in the chamber is frozen to form a solid matrix. The solid 
matrix is then dehydrated and crosslinked using physical 
methods such as freeze-drying and thermal crosslinking, 
rather than by adding chemical crosslinking compounds, the 
residue of which may negatively affect the formed matrix 
and the cells with which it comes in contact. The resulting 
physically-crosslinked matrix is then sterilized before cells 
are inoculated. The matrix thus prepared has a thickness and 
reticulation pattern which facilitates uniform population 
with cells and results in a device which is readily engrafted 
or transplanted into a patient. 

These and other features of the invention will be further 
appreciated with reference to the following drawings and 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shows components of one embodiment of a 
matrix-casting apparatus. 

FIG. IB shows the assembled apparatus. 

FIG. 1C is a cross-section view of the apparatus. 

FIG. ID shows the components of a second embodiment 
of the matrix-casting apparatus. 

FIG. IE is a cross-section view of the second embodiment 
of the matrix-casting apparatus 

FIG. 2 A is a top view of the bottom frame of the 
apparatus. 

FIG. 2B is a bottom view of the bottom frame of the 
apparatus. 

FIG. 2C is a side view of the bottom frame of the 
apparatus. 

FIG. 3 A is a bottom view of the center frame of the 
apparatus. 

FIG. 3B is a side view of the center frame of the 
apparatus. 

FIG. 3 C is a cross section view of the center frame of the 
apparatus. 

FIG. 4A is a top view of the top frame of the apparatus. 
FIG. 4B is a side view of the top frame of the apparatus. 
FIG. 4C is a cross section view of the top frame of the 
apparatus. 

DETAILED DESCRIPTION 

The invention is a method and apparatus to prepare an 
acellular biocompatible biodegradable matrix having sub- 
stantially uniform and symmetric reticulations that are 
formed by freezing an aqueous fluid containing protein, or 
protein and carbohydrate, at a controlled rate, and subse- 
quent freeze-drying (lyophilizatiori) and a uniform thickness 
of less than 1 mm. The reticulated matrix is capable of 
serving as a support or scaffold for cells Inoculated thereon. 
The cells are animal cells, which encompass human cells, in 
one embodiment, tJie cells are epidermal and dermal cells, 
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resulting in a cultured skin device as disclosed in co-pending neous and symmetric application of a coolant to the opposite 

related U.S. patent application Ser. No. 10/092,237, entitled sides of the plates. Application of the coolant may be 

Surgical Device For Skin Therapy or Testing and filed on accomplished by several mechanisms. As one example, the 

even date herewith, which is expressly incorporated by sealed chamber containing the matrix-forming solution may 

reference herein in its entirety. The device prepared using 5 be submerged or flooded with a chilled liquid coolant in an 

the inventive apparatus facilitates cell attachment to the open bath of a static coo lant. As another example, a coolant 

multiple continuous surfaces of the matrix and maintains a may be con tained in a closed, recirculating system that flows 

desired thickness This is in contrast to a matrix with in CQntact with ±G 1M ktes of the cnamber> M t 

asymmetric reticulations and less uniform thickness that is anQther G x a H id or ous coolant flow 

formed when a fluid containing protein, or protein and 1Q th h an yessd and be exhausted without recircu . 

carbohydrate, contacts an open tray or pan during matrix ^ Tq a recirculating coolant S y Stem? 

orma ion. tbe p]_ a ^ es between which the matrix-forming solution is 

Biological incorporation of a matrix into or overlying a placed and sealed may themse i ves be incorporated into a 

wound depends, in part, upon the ability of non- single apparatus, such as two containers through which the 

inflammatory connective tissue cells to migrate into the 15 coolant flows ( coolers ). In one embodiment, the plates 

matrix from the wound bed. Thus, the structural and bio- contacting the matrix-forming solution comprise one surface 

chemical characteristics of the matrix must be uniform, and each of two hollow boxes with ports for supply and return 

further must be optimized to promote fibrovascular migra- vessels ^ tubing ) of the coolant to a recircu i ating cn iller, 

tion. The inventive method and apparatus controls structural or for supply and exhaust of a flowing, non-recirculating 

characteristics of the matrix, such as its thickness and the 20 coolant? such as liquid nitrogen. 

uniformity and size of the resulting reticulations, by the ™ r - , A . - ^ 

. .. pi + r .if . • r • a -a The structure of any given formulation of matrix may then 

symmetric extraction of heat from the matrix-forming fluid , , . . if • .i r r • ^ • i 

j +u . .j , , r r be regulated by controlling the rate of freezing. This may be 

and the rigid and co-planar surfaces from which heat is ° , , . , ° r r B , f A 

. , u K + - 1 accomplished in a number of ways, for example, by adiust- 

extracted. 1 his results in a matrix with symmetric reticula- * r *i i j 1 • 

, .n t ^ u , , +u + ment of the coolant temperature and volume in an open 

tions and uniform thickness. Other variables that are con- 0 r « A . c * . , J: 

A , . , , ^ r i- pc . r • 25 system; by admstment of the coolant temperature and flow 

trolled include the rate of cooling to effect freezing the \ . \ J , . u t .. c r . . u . 

A . . „ • .i • f i , . . 1 p 1 rate in a closed system; by selection of a coolant having a 

matrix-containing fluid, the size of the ice crystals formed, .„ u + \ u i *• j:^u ^ • i ^ 7u 

a1 , p .1 . • p • pi • i .i . • r 1 .1 specific heat capacity; or by sefection of the materials tor the 

the volume of the matrix-forming fluid that is frozen, and the f u ,/ , . j *• ^ 

. .. //M r w n p . u ° . . . u . . chamber and/or apparatus with preferred conductivities of 

concentration (% wt/vof) of the components in the matrix- u + _ u + + ^ „ +u + . r . u . + , u 

formin fluid structure of the matrix may also be regulated by 

I , 30 the formulation of the matrix-forming solution. 

In one embodiment, the invention is an apparatus to . . . . 

prepare a biocompatible degradable reticulated matrix. The e *™ z ™ matn t x ls t subsequently dehydrated, 

apparatus has a closed chamber to contain a matrix-forming crosslinked with or without the use of chemical crosslinking 

fluid, such as a protein containing fluid. The chamber may a § en f > a ^ d sterilized to provide a support or scaffold on 

be defined by six sides, as in a box. In this embodiment, two 35 WhlCh Cel1 " T Y ino r CU atecL The cont ^ lled and symmet- 

of the sides are heat conductive (e.g., metal), parallel rect- nc rate of of [ ne matrix P«>diices uniform and 

angular plates that are made more rigid by a framework of symmetric reticulations throughout the uniform thickness of 

reinforcing supports outside of the chamber that contains the the matnx j which facilitate uniform cell distributions in the 

matrix-forming fluid. The remaining four sides of the cham- matrix and P r0Vlde an enhanced surgical device, 

ber may consist of material that acts as a gasket or O-ring, 40 In one embodiment, as shown in FIGS. 1A-B, the matrix- 

and may be adjusted in thickness to define the thickness of forming apparatus 30 consists of three frames that, upon 

the resulting matrix. In one embodiment, the gasket consists assembly, form a preparation device or freezing apparatus, 

of two pieces of material. One piece has two parallel strips The tnree frames are a bottom frame 10, a center frame 15 

connected at one end by a perpendicular strip (U-shaped) which is also referred to as a carrier plate, and a top frame 

that are located to adjoin three of the four edges of the two 45 25 - Frames 10, 15, and 25 may be constructed of a metal, 

plates. The matrix-forming fluid may be introduced into the such as aluminum or steel, or another inflexible material 

chamber through the side without a gasket (open side). such as wood, ceramic, or hard plastic. Apparatus 30 also 

Subsequently, the second gasket piece is placed between the includes a resilient spacer gasket 20, a spacer gasket plug 21, 

fourth edges of the two parallel plates as a single strip to and "O" ring gaskets (not shown) which may be silicone 

contain the matrix-forming solution. In another 50 rubber or other synthetic material. 

embodiment, the gasket is a singular, rectangular strip or Center frame 15 has a top surface 51b, and top frame 25 

O-ring adjoining the perimeters of the two parallel plates, has a bottom surface Sic, both surfaces 51b, 51c may be of 

and may have ports for introduction of the matrix-forming any non-adherent material that resists deformation (for 

solution and displacement of air. example, polished aluminum or other metal, ceramic, etc.) to 

The thickness of the matrix may be adjusted by the 55 facilitate removal of the of the subsequently formed matrix, 

thickness of the gasket material used in the chamber. The Alternatively, a thin sheet 53 of a non-stick material such as 

shape of the chamber need not be rectangular, nor the TEFLON™ may be placed between spacer gasket 20 and 

resulting matrix planar. The chamber may also be a con- top frame 25 to provide an additional non-adherent surface 

tinuous surface of any shape, as in a bladder, sack, or other to facilitate separation of bottom surface 51c from the frozen 

type of flexible container that may be selectively deformed 60 matrix. The surfaces 51b, 51c may also be coated with a 

to obtain the desired shape and thickness of the matrix with non-adherent material. Spacer gasket 20 and spacer gasket 

ports for introduction of matrix-forming solution and dis- plug 21 may be made of a silicone rubber or other appro - 

placement of air. The surface of the chamber is also remov- priate material. 

able to expose a surface for freeze-drying. With reference to FIGS. ID and IE in which the reference 
The matrix-forming fluid contained in the chamber is 65 numerals refer to like features in FIGS. 1A-1C the matrix- 
frozen by the removal of heat at a controlled rate. This forming apparatus 30a may optionally be used independent 
occurs predominantly through the two plates by simulta- of the bottom frame 10 and top plate 50d of apparatus 30. 
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This embodiment is useful for exposure of the apparatus 30 
containing the matrix-forming solution to a static coolant. 
This embodiment also includes a top frame 25a without 
sheet 50d so that the coolant may be in direct contact with 
surface 51d of sheet 50c, a center frame 15a, also called a 5 
carrier plate, having a fastener such as a one half draw latch 
45 adapted to the outside surfaces of the frame walls 61a-d, 
a spacer gasket 20, a spacer gasket plug 21, and optionally 
a non-stick sheet 53. 

The frames 10, 15, 25 and gaskets 20, 21 are assembled 10 
to form the apparatus 30 by fastening the components 
together as shown in FIG. IB. As shown in FIG. 1C within 
the assembled apparatus 30 is a chamber 75 capable of 
containing the matrix-forming fluid for subsequent 
controlled-rate freezing. The chamber 75 is defined by the 15 
following surfaces: the inner walls 22a-c of the spacer 
gasket 20, the inner wall 23 of the spacer gasket plug 21, the 
top surface 516 of the center frame 15 with or without the 
optional non-stick sheet 53, and the bottom surface 51c of 
the top frame 25. The spacer gasket 20 and spacer gasket 20 
plug 21 are of the same thickness, which regulates the 
thickness of the resulting matrix formed within the apparatus 
30. In one embodiment, the gasket 20 and gasket plug 21 
have a thickness in the range of about 0.1 mm to about 10 
mm. In another embodiment, the gasket 20 and gasket plug 25 
21 have a thickness in the range of about 0.5 mm to about 
1.5 mm. Each of these components of the apparatus 30 will 
now be described in further detail. 
Bottom Frame 

The components of the bottom frame 10 are shown in 30 
FIGS. 2A-C. The frame has at least four sides, or walls, 
60a-d, and may be constructed of a metal, such as aluminum 
or steel, or another substantially or rigid material such as 
wood, ceramic, or hard plastic. The bottom frame 10 has a 
resilient gasket or O ring (not shown) which may be silicone, 35 
rubber, or other synthetic material. The O ring is affixed in 
the channel groove 40 that is recessed in the interior upper 
surfaces of the frame walls 60a-o\ There is also a metal 
sheet 50a adapted to the bottom surfaces of the frame walls 
60a-d; in one embodiment the sheet is made of aluminum. 40 
The edges of the frame walls 60a-o* and the edges of the 
bottom metal sheet 50a may have holes (not shown) for 
receiving fasteners 55, as shown in FIGS. 2B-C, and/or 
fastening by welding, riveting, or using a metal adhesive to 
seal the joints of the respective frame walls. Alternatively, 45 
these parts may be permanently affixed, for example, the 
frame walls 60a-d may be constructed from a solid material 
such that there are no joints between the walls. The holes are 
aligned with corresponding holes in either the metal sheet 
50a or frame walls 60a-o\ At least two opposing frame walls 50 
60a and 60c of the bottom frame 10 have at least one flow 
port 36 that allows flow along the entire width of the frame 
walls 60a, 60c extending from the outside vertical surfaces 
95a, 95c to the inside vertical surfaces 96a, 96c of the frame 
walls 60a and 60c. Hose barbs 35 are adapted to flow ports 55 
36. At least two opposing frame walls 60a and 60c, 606 and 
60a 1 , or both have fasteners 45 which are any type of 
couplers or other attachments to mate assembly 10 with the 
top assembly 25, such as with at least one half of a draw 
latch 45a adapted to their outer vertical surfaces 95a-d. 60 
Center Frame 

The center frame 15, or carrier plate, with various com- 
ponents is shown in FIGS. 1A, 3A, 3B, and 3C. As shown 
in FIGS. 3A and 3C, the frame 15 has at least one internal 
support 65 adapted to inner surfaces 100a and 1006 of the 65 
frame walls 61b and 61^ in the interior of the frame 15, and 
may have at least one internal frame support 66 adapted to 
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the inner surfaces 105a and 105b of the frame walls 61a and 
61c. Along its length, internal support 65 has a plurality of 
recessed flow vents 85 oriented in the direction of coolant 
flow to conduct coolant and allow coolant flow through the 
center frame 15. The walls of the center frame 15 are 
constructed of any material, and may be jointed or 
continuous, as previously described for the bottom frame 10. 

The center frame 15 has a substantially rigid sheet 50b of 
a material, such as a metal or ceramic, that is adapted to the 
top surface (not shown) of the frame walls 61a— d. In one 
embodiment, sheet 50b has a mirrored-finished metal sur- 
face. The mirror-finished surface 51b of sheet 50b may also 
optionally be coated with a non-adherent material such as 
TEFLON™. The top surfaces of the frame walls 61a-d are 
adapted to a surface of sheet 50b using, for example, a metal 
adhesive, weld, or rivet. 
Top Frame 

With reference to FIG. 4 A, top frame 25 has four walls 
62a- d, at least one support 110 connecting the interior 
surfaces 1156 and 115d of walls 62b and 62a", and may have 
at least one internal support 111 connecting the interior 
surfaces 115a and 115c of walls 62a and 62c. The assembly, 
construction, and composition of walls and supports of the 
top frame 25 are as previously described for bottom frame 
10. Internal support 110 has a plurality of recessed flow 
vents 90 that extend the entire width of the support 110 and 
are oriented in the direction of coolant flow. At least two 
opposing frame walls, for example 62a and 62c, 626 and 
62d, or both have at least one flow port 38 that extends the 
entire width of the frame walls 62a, 62c and hose barbs 37 
adapted to the flow ports 38. At least two opposing frame 
walls 62a and 62c, 62b and 62d, or both have couples, 
fasteners, or attachments 46 such as a draw latch adapted to 
outer vertical surfaces 120a-d of the top frame walls 
62a-62a\ The couplers, fasteners, or attachments 45, 46 are 
mated to secure the center frame 15 between the top frame 
25 and bottom frame 10. Previously described surfaces 51c 
and 51d are adapted to the top and bottom surfaces of the 
frame walls 62a- d, both of which have holes (not shown) for 
receiving fasteners 55 which are aligned with corresponding 
holes in a frame wall or a sheet, and forms a coolant chamber 
128 for receiving coolant 125 as shown in FIG. 1C. 
Apparatus Assembly and Matrix Formation 

Referring to FIGS. 1A, IB, and 1C to assemble the 
apparatus 30 a resilient material (for example, a gasket) or 
member (for example, an O ring) (not shown) to make a 
fluid-tight joint, is placed in the channel groove 40 of the 
bottom frame 10. The center frame 15 is placed on top of the 
bottom frame 10, with the resilient gasket or O ring forming 
a seal between center frame 15 and bottom frame 10, thus 
forming a coolant chamber 129 for receiving coolant 125. A 
spacer gasket 20 is placed on the top surface 516 of the metal 
sheet 506, such that a portion of the spacer gasket 20 is flush 
with three of the outer edges of the center frame 15. 
Optionally, an additional sheet 53 of a non-adherent material 
(i.e., TEFLON™) is overlaid on the spacer gasket 20, with 
the edges of the sheet 53 extending to the outer edges of the 
spacer gasket 20. The top frame 25 is then placed over the 
spacer gasket 20 so that the bottom surface 51c of frame 25 
is in contact with either the spacer gasket 20 or the optional 
sheet 53. The frames 10, 15, 25 are fastened together, for 
example, by securing half drawn latches 45 and 46 to each 
other. 

As illustrated in FIG. 1C, a chamber 75, to contain a 
matrix-forming fluid defined by the interior surfaces 22a— c 
of spacer gasket 20, the bottom optional surface 51c of sheet 
50c of top frame 25, or a surface of the optional sheet 53, and 
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the top surface 51b of sheet 50b of center frame 15. The 
chamber 75 has an opening 76 on one side to introduce the 
matrix-forming fluid and to insert the spacer gasket plug 21. 
The inner surface 23 of the spacer gasket plug 21 forms a 
wall of the chamber 75 when the spacer gasket plug 21 is 
inserted into the chamber opening 76. 

The matrix-forming fluid is introduced into the chamber 

75 of the apparatus 30, either through opening 76 or by 
another means, substantially filling the entire chamber 75. In 
one embodiment, the fluid is introduced incrementally, for 
example, in increments of about 20 ml-30 ml, with inter- 
mittent tapping of the apparatus 30 to avoid trapping bubbles 
in the fluid. Spacer plug 21 is then inserted into the opening 

76 to seal the chamber 75, thus containing the matrix- 
forming fluid. The matrix-forming fluid contained within 
chamber 75 is then cooled at a controlled rate to solidify the 
matrix-forming fluid and thereby form the matrix. 

As illustrated in FIG. IB, the apparatus 30 is cooled by 
indirect contact of the chamber 75 with a source of coolant 
125, via a conduit such as a hose 126 or other type of tubing 
connected to hose barbs 35 and 37. The conduit 126 may be 
connected to a coolant circulator 127 for recirculating flow 
of coolant 125. Alternatively, the coolant 125 may exhaust. 
In either case, coolant 125 flows directionally within the 
walls 60a-d of the bottom frame 10 and the walls 61a-d of 
the center frame 15 which are fastened together, and within 
the walls 62a-d of the top frame 25, for a time and at a flow 
rate and temperature sufficient to effect controlled freezing 
of the matrix. 

Use of a system that flows or recirculates coolant 125 is 
advantageous for several reasons. The system is closed, and 
hence is less hazardous and more contained than an open 
system, such as a static controlled-temperature bath. The 
system prevents loss of the coolant 125, and allows a 
coolant-containing reservoir of any volume to be used. The 
system maintains a more stable temperature and, therefore, 
generates a more stable rate of cooling. Control of the rate 
of cooling is a factor in the determination of the distribution 
of reticulations of the polymer that forms the matrix. A 
stable controlled rate of cooling results in matrices having a 
reproducibly consistent and desirable distribution and qual- 
ity of reticulations. 

While the chamber 75 of apparatus 30 has six surfaces 
which are identified by numerals 22a-c, 23, 51b, and 51c 
(the boundaries of the "box"), four of these surfaces, defined 
by numerals 22a-c and 23, are insulated by the gaskets 20, 
21 between the surfaces of sheets 50b and 50c. Therefore, 
virtually all of the heat is removed, and the cooling is 
regulated, through these two surfaces of sheets 50b and 50c. 
In this respect, the cooling of the matrix-forming fluid could 
be referred to as occurring between the two surfaces 51b and 
51c. 

Any type of fluid coolant 125 that is able to absorb heat 
and to lower the temperature in the chamber 75 sufficient to 
freeze the matrix-containing fluid at a controlled rate, that is, 
to effect a decrease in temperature from about 4° C. to about 
-70° C. in less than about two hours, for example, from 
about ten minutes to about twenty minutes, or less than 
about one-half hour. Fluid cooling advantageously occurs 
with efficiency and predictability, and furthermore is more 
easily regulated than air cooling, in the same manner as fluid 
cooling of an automobile engine occurs more efficiently than 
does air cooling. Examples of coolants which may be used 
include, but are not limited to, alcohols (for example, 
ethanol, propanol, etc.), polyethylene glycol, oils, silicone 
oils, or any fluid with low viscosity at temperatures down to 
-70° C, etc. In one embodiment, the temperature of the 
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coolant is between about 0° C. and about -200° C. In 
another embodiment, the temperature of the coolant is 
between about -20° C. and -70° C. In yet another 
embodiment, the temperature of the coolant is between 

5 about -40° C. and -70° C. These temperatures regulate the 
average size and distribution of the reticulations in the 
matrix. As one example, the matrix-forming fluid is exposed 
to 95% ethanol that has been chilled to -45° C. for between 
60 minutes and 120 minutes. Other embodiments are also 

10 within the knowledge of one skilled in the art. 

Gases that have a vapor transition temperature which 
permit freezing of the matrix-forming solution can also be 
used as a coolant, as known to one skilled in the art. For 
example, gaseous nitrogen (vapor transition temperature 

15 -196° C), known to one skilled in the art to effect controlled 
rate freezing of cells in culture, is sufficiently cold to freeze 
the matrix-forming fluid. In embodiments using a gas 
coolant, the flow of gas may be increased to compensate for 
the decreased efficiency of cooling with a gas, compared to 

20 a liquid which can absorb more heat. Increased flow of a gas 
may be easier to achieve than with a liquid because a pump 
would not be required. Other advantages of using a gaseous 
coolant are that small leaks would not be problematic, as 
they may be with liquid cooling, and a gas coolant system 

25 would be cleaner because there would be no attendant liquid 
spills. 

For static cooling, the embodiment of the apparatus 30a 
illustrated in FIGS. ID and IE is used. The chamber 75 is 
configured without the bottom frame 10 and without the 

30 sheet 50d of the top frame 25. The chamber 75 is sealed at 
the perimeter 22a-c and 23 to prevent contact between the 
matrix-forming solution and the liquid coolant, because 
contact would result in failure to freeze or melting of the 
matrix. Alternatively, the chamber 75 within apparatus 30a 

35 is sealed at only three of the four sides (for example, 22a-c), 
leaving the fourth side unsealed. The apparatus 30a is then 
immersed or dipped into a bath of fluid coolant up to, but not 
over, the unsealed side. 

After exposing the matrix-forming solution to a coolant 

40 under conditions sufficient to freeze the solution and form a 
matrix, the closures 45 are released. The top frame 25 is 
carefully removed from the center frame 15, upon which the 
matrix is supported on the surface 51b of sheet 506. The 
nonstick sheet 53, if present, is removed carefully from the 

45 top surface of the frozen matrix. The spacer gasket 20 and 
spacer gasket plug 21 may optionally be removed from the 
center frame 15 and the matrix. The center frame 15 is 
removed from the bottom frame 10. The center frame 15, 
supporting the matrix 130 on surface 51b of sheet 50b, is 

50 placed in a freeze-drying device to lyophilize the ice from 
the matrix 130. 

The rate of freezing of the matrix-forming fluid may be 
controlled by adjustment of one or more variables that 
contribute to the rapid heat transfer from the matrix-forming 

55 solution to the ambient environment. Therefore, the inven- 
tion includes use of an apparatus 30 or 30a, to contain and 
contact the matrix-forming fluid, made of a material which 
allows highly efficient heat transfer. The apparatus 30 itself 
allows regulation of several variables during the freezing 

60 process. These variables include the shape and dimensions 
of the apparatus 30, the volume of matrix-forming fluid that 
is contained, and the thermal conductivity and specific heat 
of the materials which contact the matrix-forming fluid, that 
is, the specific material forming the substantially rigid and 

65 flat sheets 50b and 50c which contact the matrix-forming 
fluid. One example of such a material is metal (for example, 
aluminum, stainless steel, etc) which is a good conductor of 



US 6,905 : 

11 

heat. Desirably, the material is also substantially rigid to 
resist deformation, and contains a nonstick and/or polished 
surface that is in contact with the matrix-forming fluid. 

The size and uniformity of the reticulations in the matrix 
formed from the matrix-forming fluid result from the size of 5 
ice crystals formed during the freezing process, because the 
ice displaces the solute in the fluid and thus determines the 
distance between reticulations. The size of ice crystals is 
inversely proportional to the rate of freezing. The rate of 
freezing is inversely proportional to the temperature of the 10 
coolant, and directly proportional to the thermal conductiv- 
ity and specific heat of any materials which contact the 
matrix-forming fluid during the freezing process. 

The size and distribution of the reticulations in the matrix 
may also be regulated by the temperature at which the 15 
components in the matrix-forming fluid freeze. The distance 
between the reticulations is inversely proportional to the 
concentration of components and to the rate of freezing of 
the matrix-forming fluid, and directly proportional to the 
concentration of water in the matrix-forming fluid. The 20 
thickness of the matrix is directly proportional to the con- 
centration of components in the matrix-forming fluid. The 
concentrations of components in the matrix-forming fluid 
may be formulated to yield a combined % wt/vol concen- 
tration which decreases the average distance between the 25 
reticulations, and increases the thickness of the matrix. In 
one embodiment, combined component concentrations in 
the range of about 0.10% wt/vo1 to about 2.0% vvrW matrix 
compounds may be used. In another embodiment, combined 
component concentrations in the range of about 0.50% vvr/W 30 
to about 1.80% wt/vo1 may be used. The thickness of the 
matrix is also is directly proportional to the thickness of the 
spacer gasket 20 and spacer gasket plug 21 used in the 
chamber 75. In one embodiment, the chamber 75 is config- 
ured to result in a matrix having a thickness is in the range 35 
of about 0.1 mm to about 3.0 mm. 

The responses to the freezing temperature of the size and 
distribution of the reticulations prepared using the inventive 
method and apparatus may be determined by measurement 
of scanning electron micrographs (SEM) of the rehydrated 40 
and dried matrix. In one embodiment, the reticulations are 
distributed in the shape of ellipsoid spheres and have an 
average diameter in the range of about 50 jum to about 150 
(Am. 

An apparatus 30 for preparing a biocompatible matrix, 45 
and a method of using the apparatus 30 to prepare a 
biocompatible matrix, are thus disclosed. The inventive 
apparatus 30 and method provide a matrix capable of 
supporting cells to form an implantable or engraftable 
surgical device, such as a cultured skin device for temporary 50 
or permanent skin replacement on a burn or other wound. 
The matrix is used to support one or more layers of cultured 
dermal cells, which serve as a lamination layer for a epi- 
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dermal cells. Other variations or embodiments of the inven- 
tion will also be apparent to one of ordinary skill in the art 
from the above description. Thus, the forgoing embodiments 
are not to be construed as limiting the scope of this inven- 
tion. 

What is claimed is: 

1. An apparatus to prepare a biocompatible matrix from a 
matrix-forming fluid comprising 

a chamber containing a matrix-forming fluid, said cham- 
ber defined by at least a top planar rigid metal surface 
and a bottom planar rigid metal surface, said top and 
bottom surfaces effective to symmetrically remove heat 
from the matrix-forming fluid in preparation of the 
biocompatible matrix, 

at least one discontinuous gasket having a uniform thick- 
ness positioned between said top and bottom surfaces 
to define a perimeter of said chamber, said gasket 
capable of containing said matrix-forming fluid within 
said perimeter, and 

a plurality of fasteners to fasten said top surface with said 
bottom surface. 

2. The apparatus of claim 1 further comprising a container 
sized to contain a coolant fluid for immersion of said 
apparatus in said coolant fluid. 

3. The apparatus of claim 2 wherein said container is 
open. 

4. An apparatus for casting a biologically compatible 
matrix, said apparatus comprising a metal chamber forming 
an open chamber with five joined surfaces and a separate 
sixth surface attachable to said open chamber to form a 
closed chamber containing a matrix-forming fluid for a 
biologically compatible matrix, 

spacers to space the top and bottom surfaces and thereby 
regulate a thickness of a matrix resulting from freezing 
of the matrix-forming fluid, the top and bottom surfaces 
defined by rigid metal sheets effective to symmetrically 
remove heat from said matrix-forming fluid, and 

fasteners to effect a liquid-tight seal among at least the 
five joined surfaces. 

5. An apparatus for controlled rate freezing of a matrix- 
forming fluid comprising a closed chamber defined by at 
least a top rigid metal surface, a bottom rigid metal surface 
and a discontinuous gasket, said chamber containing said 
fluid, said top and bottom surfaces symmetrically removing 
heat for controlled rate freezing of a matrix-forming fluid, 
said gasket capable of containing said matrix-forming fluid 
within a perimeter of said chamber. 

6. The apparatus of claim 5 wherein the gasket is of 
substantially uniform thickness separating said top and 
bottom surfaces. 



